Triplane ankle fractures typically occur in the adolescent age group. Although many are minimally displaced and can be managed nonoperatively, some are displaced and difficult to reduce by closed methods and need open reduction and internal fixation. Traditionally satisfactory articular reduction is achieved through an open approach, which can be extensive. We describe our experience of treating displaced triplane fractures in four patients, assisted by ankle arthroscopy to ensure anatomical reduction and minimal soft tissue disruption. We achieved excellent reduction and stable fixation in all four cases. All patients regained full range of movement within 6 weeks.
Introduction
Triplane fracture of lower tibial physis is a typical adolescent injury. Traumatic external rotational force of the foot on the tibia and the open lateral distal tibial physis creates fracture lines extending through the axial (physis), sagittal (epiphysis) and coronal (distal tibial metaphysis) planes disrupting the tibial plafond. The fracture patterns are combinations of Salter-Harris types II, III and IV [1] . Plain radiographs are helpful in the initial diagnosis but are often inadequate for assessing all the fracture lines. It can also be difficult to assess the axial (physeal) component on plain radiographs. Computed tomography (CT) is therefore indicated to provide supplementary important information on the size and position of the displaced fragments, the location of the intra-articular fracture and associated articular incongruency [2] (Fig. 2a and b) . This assists in the decision to proceed to operative management and to plan placement of the screws to optimize fracture fixation. It is generally accepted that intra-articular displacement greater than 2 mm is an indication for reduction as previous studies have shown that if left untreated, such fractures have persistent pain on activity when the fracture has united [3] .
The traditional approach to the operative management of displaced fractures has been open surgery to facilitate anatomical reduction of the plafond and internal fixation. The surgical approach depends on the fracture anatomy and number of fragments as determined by the preoperative CT scan. Two part fractures can be approached by a hockey stick incision either medially or laterally depending on the fracture location. For more difficult injuries (i.e. three or four parts), a larger exposure is required. If the fibula is fractured, the posterior tibia can be exposed by detaching the anterior and posterior inferior tibiofibular ligaments and turning down the distal fibula on the lateral collateral ligament [4] . If the fibula is intact, a fibular osteotomy is carried out.
Ankle arthroscopy has more recently been suggested as a valuable tool to reduce the need for open surgery, thereby reducing the associated risks and complications and allowing a more rapid return to normal mobility and function [5, 6] .
The literature describing arthroscopic-assisted reduction and percutaneous fixation of triplane ankle fractures [5, 6] is sparse. We report a series of four patients treated by 
Materials and methods
Since 2002 we have treated four patients who were identified as having displaced triplane ankle fracture on plain radiographs. All were isolated, closed injuries with an intact neurovascular status. There were two girls (aged 13) and two boys (aged 14). Three left and one right ankle was involved. The mechanism of injury was road traffic accident in one and football injury in three. All subsequently underwent urgent CT imaging within 24 h to assess the fracture pattern, articular disruption and to plan further management (see Fig. 2a and b) . This revealed greater than 2 mm of displacement in all patients, suggesting the need for surgical intervention.
Fractures were initially assessed under general anaesthesia with image intensifier guidance and closed reduction was attempted but failed to achieve acceptable reduction. An above knee tourniquet was applied and the limb was then prepared for arthroscopic assessment using foot traction strap, ensuring adequate access for radiograph (Fig. 1) . The anteromedial portal was first located by introducing an 18 gauge needle into the ankle joint, medial to the tibialis anterior tendon. Successful entry into the joint is generally rewarded by haemarthrosis draining out through the needle. The ankle joint was then injected with 10-20 ml of saline to distend the joint and the needle removed. A stab wound was then made in the skin only, at the level of needle entry and then the subcutaneous and deep planes were bluntly dissected down to the capsule with an artery forceps. This manoeuvre avoids injury to the tibialis anterior tendon. With a quick thrust the joint capsule is breached. Prior distension with saline helps this manoeuvre. An arthroscope (2.7 mm scope with 301 obliquity) is introduced into the joint and the fluid was made to run using a pump. An anterolateral portal was then made with the help of the light source shining under the skin at the chosen spot anterolaterally (lateral to extensor communis tendons). Once the skin incision is made the portal is established using the technique described for anteromedial portal. This prevents inadvertent injury to cutaneous nerves or veins. The ankle is then washed with saline until the haemarthrosis is washed out. A thorough examination of the ankle joint is carried out to identify the fracture lines on the tibial side and to rule out any injury to the talar dome. Under direct arthroscopic visualization the fracture was reduced using bone reduction clamps applied over the skin or if necessary through small stab incisions. A Kirschner wire (1.4 mm) was introduced in the appropriate direction. Fixation was then achieved using a 4-mm cannulated cancellous screw inserted percutaneously (Fig. 2c) . With the aid of the image intensifier and arthroscopy, screws were accurately positioned to ensure that there was no intra-articular placement and that they did not cross the physis. Adequate reduction could also be observed and ensured.
Postoperatively patients were initially placed in a below knee plaster splint for 2 weeks before being supplied with a removable splint to initiate range of motion exercises. A nonweight bearing status using crutches was maintained for 6 weeks. Patients were reviewed in outpatients at 2, 6 and 12 weeks intervals and appropriate radiography were obtained.
Results
In all four patients fracture lines on the tibial articular surface were clearly visualized after approximately 2 l saline washout. In three patients we were able to reduce the fractures into acceptable alignment with sharp pointed reduction clamps arbeitsgemeinschaft osteosythesfragen (AO) applied externally. Implant placement was accurate in all the cases. In one patient (Fig. 3) arthroscopic assessment of the fracture revealed extensive articular comminution anteriorly and satisfactory reduction was not possible by closed methods alone owing to impaction and comminution of fracture (in the Tillaux fragment area). In this patient, open reduction through a targeted anterolateral approach was carried out and the fracture was fixed with cannulated screws.
At the 2-week assessment, radiographs confirmed accurate screw placement and maintenance of reduction in all cases. At 6 weeks they regained full range of movement (Fig. 4) . By 12 weeks all fractures were united and patients returned to normal activities with minimal discomfort. They continue to be followed up to assess the long-term outcome. Currently, follow-up ranges from 4 months to 2 years after surgery. 
Discussion
Triplane fracture of the lower tibia is typically seen in the adolescent population. The late closure of the lateral physis increases the susceptibility of this portion of the tibia to the pattern of triplane fracture. There may occasionally be an associated fibular fracture. This does not form part of the classification but indicates a greater traumatic force that is likely to have a more extensive articular cartilage injury.
The principle of management of displaced triplane fracture is to achieve articular surface congruity. It is generally accepted that if the displacement is less than 2 mm after manipulative reduction then the fracture can be managed in a below knee cast. Some studies have shown that even with conservative management of displacement less than 2 mm, there were still complications of ankle stiffness, early arthritic change and walking pain at 5-year follow-up when skeletal maturity was reached [3] . Current evidence suggests that accurate anatomical reduction of the articular surface is an important factor in minimizing the risk of such complications.
Plain radiographs are inadequate in assessing the fracture displacement [2] . Similarly most image intensifier images have low resolution and fail to show articular surface reduction accurately in all planes.
We believe that ankle arthroscopy is of considerable value in assessing the extent of articular surface fracture and accuracy of closed reduction with direct visualization of the tibial plafond. Furthermore, it facilitates a minimally invasive approach thus reducing the morbidity associated with an extensive surgical approach like wound complications and a delayed return to activity. In all of the four cases, we were able to observe the articular surface reduction accurately. In three cases we could achieve this without resorting to open reduction. In one patient, extensive intra-articular comminution prevented it. This particular case required a targeted limited open approach to the ankle joint to achieve satisfactory reduction of the plafond. Although our experience with this type of case is limited, we recommend that the surgeon should be prepared to open the fracture when there is considerable intra-articular communion.
